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摘 要 
 
官能团是有机化合物的核心，它不仅决定着有机化合物的性质与用途，同时
也影响着有机化合物的反应类型。有机化合物中官能团的研究一定程度上推动着
有机化学的发展。有机化学中常见的烯烃、炔烃、醛、酮、酯等官能团被广泛的
应用于有机合成中，酰胺基同样也是有机化学中一类常见的官能团，近年来也常
用来作为 C-H 活化的定位基。然而相对与其他的羧酸衍生物，由于酰胺氮原子
上孤对电子和羰基的强共振作用使得酰胺羰基的亲电性显著降低从而导致在有
机化学中基于酰胺的反应相对较少，同时也限制了以酰胺为定位基的 C-H 活化
产物的转化与应用，降低了酰胺这一廉价易得且稳定的羰基化合物在有机合成中
的应用价值，因此发展酰胺直接转化方法具有重要意义。随着社会的发展,人们
对环境问题日益关注，对我们化学家也提出了新要求，要求我们的合成方法除了
具有较好的化学选择性外还应具有较高的效率和较好的原子经济性，过渡金属催
化为这两方面的要求提供了可能性。因此发展金属催化的方法实现酰胺转化不仅
是革故鼎新，更具有与时俱进的重要意义。 
本课题组近年来基于三氟甲磺酸酐(Tf2O)活化酰胺，在碳碳键形成方面积累
了丰富的经验，本学位论文在此基础上进一步发展了化学计量的 Tf2O 活化酰胺
的直接高效转化，同时实现了酰胺活化由化学计量向金属催化方向的转变，开拓
了金属催化在酰胺转化方面的研究及其应用。通过本论文的工作，主要取得了以
下结果： 
一、发展了酰胺作为亲电试剂的 Aza-Knoevenagel-type 反应合成烯胺酯的方法
(第三章) 
该 aza-Knoevenagel-type 反应基于 Tf2O 活化酰胺，然后与活泼亚甲基类化合
物的碳负离子反应，可一锅法合成烯胺酯(酮)化合物，反应底物适用范围广(对叔
酰胺仲酰胺都具有适用性)，条件温和，具有较好的官能团容忍性，该反应可用
于含氮杂环生物碱关键骨架的合成，也为传统的 Eschenmoser 缩硫反应提供了另
外一种选择途径。此工作发表在 Chem. Commun. 2014, 50, 8761-8763; Org. Chem. 
Front. 2015, 2, 1094-1106; Eur. J. Org. Chem. 2016, DOI: 10.1002/ejoc.201601326。 
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二、发展了叔酰胺的还原 Knoevenagel 反应(第四章) 
利用温和的还原体系，将叔酰胺选择性控制还原为醛的等效体后，实现了叔
酰胺还原 Knoevenagel 反应的方法。该方法通过利用亲核试剂现场捕捉叔酰胺的
还原中间体，为叔酰胺的转化提供一种新思路，同时也将传统 Knoevenagel 反应
底物扩展至叔酰胺，该反应从一定角度可以将酰胺作为醛的等效体(保护基)。另
外，我们通过引入不同的还原体系，使该反应具有较高的产率，较好的官能团容
忍性(能容忍 CN, CO2R)，而且实现了金属催化的叔酰胺还原 Knoevenagel 反应。
不足之处在于该还原 Knoevenagel 反应不适用与脂肪族叔酰胺。 
 
 
三、发展了 Ir/ Cu(I)双金属串联催化叔酰胺还原炔基化反应合成炔丙胺的方法
(第五章) 
该 Ir/ Cu(I)双金属串联催化叔酰胺还原炔基化反应，在金属催化下，使普通
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叔酰胺与温和的硅烷还原剂，相对不活泼的端炔反应，实现了叔酰胺到炔丙胺的
直接转化，反应条件温和，底物适用性广，不仅适用于含 α-H 的叔酰胺也适用于
不含 α-H 的叔酰胺。该反应中炔烃扮演了炔基金属试剂等价物的角色，参与叔酰
胺的碳碳键成键反应，实现了末端炔烃与酰胺羰基碳的碳碳键成键反应。以廉价、
易得、相对稳定的炔烃，替代传统有机金属试剂，不仅是新颖的概念，更是实用
的方法：克服了金属试剂来源、储存以及操作方面的困难。基于该方法以上的特
点，我们利用叔酰胺还原炔基化反应实现了一系列关键中间体及生物碱的合成。
此工作部分发表在 Chem. Commun. 2016, 52, 11967-11970。 
 
 
附录：建立了 5-烷基特特拉姆酸(酯)的合成方法 (转博前硕士阶段工作) 
在实验室的基础上，发展了从苹果酰亚胺出发，两步法合成 5-烷基（芳基）
特特拉姆酸（酯）的合成方法学。该反应条件温和且具有很好的通用性，通过改
变不同的格氏试剂对苹果酰亚胺进行加成即可得 5 位不同取代的特特拉姆酸
(酯)，利用该方法学我们完成了(±)-Reutericyclin 的形式上全合成。同时，该反
应也是对实验室在研究苹果酰亚胺砌块上的一个补充和完善，在探索氮杂半缩
醛的反应中，我们实现了通过改变不同的反应条件，即可很好的调控得到不同
的反应结果。此工作发表在 Chin. J. Chem. 2015, 33, 655-662。 
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ABSTRACT 
 
Functional group is the core of organic compounds, because it not only 
determines the properties and applications of organic compounds, but also influences 
the reaction types of organic compounds. Studying on functional groups pushes the 
continuous development of organic chemistry to some degree. From the perspective 
of Organic Name Reactions, it is the study of the chemistry of functional groups. 
Alkenes, alkynes and aldehydes, ketones, esters and other functional groups in 
organic chemistry have been widely used in organic synthesis. Amide group is also a 
common functional group in organic chemistry. While the reaction about 
transformation of amide group which is usually used as a directing group for C-H 
activation in recent year is rare to be found, since strong resonance effects between 
the C=O group and the vicinal nitrogen lone pair in amides significantly lower the 
electrophilicity of the C=O group. This is not only greatly restricts the transformation 
of C-H activation product, but also limits the application value of the amides which 
are easily available and highly stable carbonyl compounds in organic synthesis. 
Consequently, it is of great significance to develop high-efficiency methods for 
activation of amides and the direct transformation of amides into other functional 
groups. 
Our group has accumulated rich experience in the research on the C-C bond 
formation of amides based on amide activation by trifluoromethanesulfonic anhydride 
(Tf2O) in recent year. We have further developed the direct efficient transformation of 
amides on the basis of stoichiometric Tf2O, and meanwhile we have realized the 
activation of amides from the stoichiometry to metal catalysis which opened up the 
research and application of metal catalysis in the transformation of amides, in 
particular the formation of C-C bonds and its application. The main results and 
observations from these studies are listed as follows. 
1. Developed an Aza-Knoevenagel-type condensation based on amides as 
electrophilic reagent (Chapter 3) 
   We have developed general one-pot Aza-Knoevenagel-type reactions of amides. 
The method is based on the in situ activation of amide carbonyl with triflic anhydride 
and a subsequent reaction with carbanions generated in situ from carbonyl compounds 
which is a direct, chemoselective and efficient approach to enaminones. The reactions 
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were run under mild conditions, which allow a chemoselective reaction at an amide 
group in the presence of the reactive functional groups such as aldehydes and esters. 
The wide substrate scope and mild reaction condition made this method general for 
the synthesis of a variety of highly functionalized N-containing compounds. The 
method also was an alternative to the versatile thioamide-based Eschenmoser sulfide 
contraction. This work was published in Chem. Commun. 2014, 50, 8761-8763; Org. 
Chem. Front. 2015, 2, 1094-1106. 
 
 
2. Developed a Knoevenagel condensation based on reductive of tert-amides 
(Chapter 4) 
A Knoevenagel condensation was developed based on partial reductive of 
tert-amides to aldehyde equivalent using mild reduction system. This method 
provided a new idea for the conversion of amide by capturing the intermediate of the 
partial reductive of tert-amides. Meanwhile, this method extended the substrate of the 
Knoevenagel reaction to the tertiary amide. The reaction also could be used as the 
mask of an amide as an aldehyde. To some extent, amide could be used as the mask 
(protective group) of aldehyde through this reaction. By introducing different 
reduction systems, not only the reaction had high yield and good functional group 
tolerance (CN, CO2R), but also it realized metal catalyzed reductive-Knoevenagel 
reaction of tertiary amide. However, the scope of substrates were limited. The reaction 
with aliphatic tertiary amide was not applicable. 
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3. Developed a method for reductive alkynylation of tertiary amides by Ir and 
Cu(I) bis-metal sequential catalysis (Chapter 5) 
   A convenient and versatile method for the direct reductive alkynylation of tertiary 
amides with weak reductant silane was developed to give propargylic amines by 
means of sequential Ir-catalysed hydrosilylation - Cu(I)-catalysed alkynylation. The 
method is general for tert-amides with or without -hydrogen. This reductive 
alkynylation of tertiary amides realized the C-C bond formation of terminal alkynes 
with amide carbonyl through terminal alkyne playing alkynyl-metal reagent 
equivalent role in the reaction. With the alkynes which were cheap, easily available 
and relative stability alternatives to traditional organic metallic reagent, it was not 
only a novel concept, but also a practical method to overcome the difficulties in the 
sources, storage and operation of metallic reagents. A combination of the above 
feature with the excellent functional group tolerance and mild condition of the 
reaction provided a valuable tool for the synthesis of key intermediates of alkaloids 
and natural product. One part of the work was published in Chem. Commun. 2016, 52, 
11967-11970. 
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4. Study towards reaction control: an expeditious access to racemic 5-substituted 
tetramates and 5-substituted tetramic acids from malimides (Appendix: master’s 
work) 
We have demonstrated for a versatile and divergent two-step transformation of 
malimides to racemic tetramates and tetramic acids. The method consists of Grignard 
reagent addition with malimides to give hemiaminals and concentrated HCl-promoted 
chemoselective transformations of the latter. The work also constitutes a formal 
racemic total synthesis of (±)-reutericyclin. Meanwhile, the reaction was also a 
supplement and improvement to the study of the malimides by our group. We have 
realized that by judicious selection of reaction conditions, different reaction products 
were obtained. This work was published in Chin. J. Chem. 2015, 33, 655-662. 
 
 
Key words: amide activation; C-C bond formation; alkaloids; metal catalysis; 
reductive alkynylation; Knoevenagel condensation; malimides; tetramic acids 
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缩略语简表 
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缩略语简表 
Ac acetyl/ 乙酰基 
Allyl propylene / 烯丙基 
aq. 水溶液 
Ar aryl/ 芳基 
atm atmosphere/ 大气压 
Bn benzyl/ 苄基 
Boc t-butoxycarbonyl/ 叔丁氧羰基 
CAN cericammomium nitrate/ 硝酸铈铵 
Cbz benzyloxycarbonyl/ 苄氧羰基 
2-Cl-Pyr 2-chloropyridine/ 2-氯吡啶 
DCM dichloromethane/ 二氯甲烷 
DIBAL-H diisobutylaluminum hydride/ 二异丁基氢化铝 
DIPEA diisopropylethylamine/ 二异丙基乙基胺 
DMAP 4-N,N-dimethylaminopyridine/ 4–N,N–二甲氨基吡啶 
DMF N,N-dimethylformamide/ N,N–二甲基甲酰胺 
DMSO dimethylsulfoxide/ 二甲基亚砜 
DTBMP 2,6-di-tert-butyl-4-methylpyridine/ 2,6-二叔丁基-4-甲基吡啶 
EtOAc ethyl acetate/ 乙酸乙酯 
ESI electrospray ionization/ 电喷雾电离 
2-F-Py 2-fluoropyridine/ 2-氟吡啶 
HEH diethyl 1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate/ 2,6-二
甲基-1,4-二氢-3,5-吡啶二羧酸二乙酯 
HMDS hexamethyldisilazane/ 六甲基二硅胺 
HRMS high-resolution mass spectroscopy/ 高分辨质谱 
IR infrared/ 红外 
LAH lithium aluminum hydride/ 氢化铝锂 
LDA lithium diisopropylamide/ 二异丙基氨基锂 
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